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Abstract. Align with the current needs of the sustainable and green technology in Malaysian construction industry, this 
research is conducted to seek and identify opportunities to better manage energy use including the process of understand 
when, where, and how energy is used in a building. The purpose of this research is to provide a best practice guideline as 
a practical tool to assist construction industry in Malaysia to improve the energy efficiency of the office building during 
the post-production by reviewing the current practice of the building operation and maintenance in order to optimum the 
usage and reduce the amount of energy input into the building. Therefore, this paper will review the concept of 
maintenance management, current issue in energy management, and on how the research process will be conducted. 
There are several process involves and focuses on technical and management techniques such as energy metering, 
tracing, harvesting, and auditing based on the case study that will be accomplish soon. Accordingly, a case study is 
appropriate to be selected as a strategic research approach in which involves an empirical investigation of a particular 
contemporary phenomenon within its real life context using multiple sources of evidence for the data collection process. 
A Government office building will be selected as an appropriate case study for this research. In the end of this research, it 
will recommend a strategic approach or model in a specific guideline for enabling energy-efficient operation and 
maintenance in the office building. 
 






Nowadays, a specific practice guide in energy management within the Post-Production is very crucial and should 
be highly considered during the maintenance and operation of the office building. Reported in [1] the energy 
consumed in Malaysia was 90% in the form of electricity shows that a huge percentage of energy usage. Savings 
may also be made through optimizing system design and improving operational and maintenance procedures while 
many technologies have productivity benefits that extend well beyond energy-saving [2][3]. By identifying and 
implementing the means to achieve energy efficiency and savings, not only energy savings can be achieved, but also 
equipment or system services life can be extended and indoor quality could be improved. All these mean savings in 
money and possibly improve productivity. 
The appraisal of energy saving measures should always take into account the wider benefits such as 
improvements in comfort and the environment. Typically, a building project involves many professionals of various 
disciplines such as designers, contractors, sub-contractors, consultants, construction managers, suppliers and 
specialists [4]. All of these stakeholders or participants are often involved at the start of a project (establishment of 
client brief or customer requirements) and continue through to construction, installation, operation, maintenance and 
demolition. This flow of construction is called the project life cycle [5]. The life cycle costing approach and energy 
management programs should not be considered as environmentally friendly programs which require expenditure 
but as investments which will bring significant financial returns for an organization while achieving the best practice 




DEFINITIONS OF MAINTENANCE 
 
Several definitions of maintenance for instance, BS 3811: 1964 [6] defined maintenance as “work carried out to 
keep or restore every facility, i.e. every part of a site, building and contents, to an acceptable standard”. Defined by 
British Standards (BS 3811:1974) as a combination of any action carried out to retain an item in, or restore it to an 
acceptable condition” [7]. “Maintenance is synonymous with controlling the condition of a building so that its 
pattern lies within specified regions” [8]. By 1991, BS 4778, part 3, Section 3.2 [9], had refined this to the 
combination of all technical and administrative actions, including supervision actions, intended to keep an item in, 
or restore it to, a state in which it can perform a required function. While building maintenance is defined as work 
undertaken in order to keep, restore or improve every part of a building, its services and surrounds, to a currently 
accepted standard, and to sustain the utility and value of the building [10]. The aim of maintenance is to reduce the 
frequency and severity of failures so as to ensure the availability, efficiency and performance of the existing plant, 
equipment and building at a maximum level and to the standard of acceptance.  
For the purpose of energy efficiency during the maintenance and operation phase (post-construction), this 
research describes the objectives of building maintenance are as following: 
1. To ensure that the buildings and their associated services are in an energy saver condition. 
2. To ensure that the buildings are fit for use. 
3. To ensure that the energy condition of the building meets all statutory requirements. 
4. To carry out the maintenance work necessary to maintain the value of the energy efficiency in the building. 
5. To carry out the work necessary to maintain the quality of the building in term of the energy efficiency. 
 
 
ISSUES IN ENERGY MANAGEMENT 
 
Since the energy that we mainly use is limited and non-renewable conventional resources, it is very important to 
manage it efficiently. In fact, the main issue is buildings are responsible for at least 40 per cent of energy use in most 
countries. In the EU region for instance, 40-45 per cent of the total energy used is consumed by buildings 
[11][12][13]. This striking figure is mainly the result of using mechanical and electrical equipment as part of M&E 
systems in building for heating, ventilation, air-conditioning and lighting. The major causes of energy consumption 
in buildings are space heating and conditioning, water heating, lighting, and the use of computers and other 
electronic devices [14]. 
Therefore energy management is a means to overcome barriers to energy efficiency. Research has shown that 
industries who adopt energy management practices may save up to 40% of their total energy use [15]. Previous 
research emphasizes the great importance of a long-term energy strategy in successful energy management practices 
in industrial organizations; successful in terms of implemented energy efficiency measures, both technical and 
behavioral [16][15]. At the meantime, according to [17], a long-term energy strategy should not be considered to be 
equivalent to an Energy Management System (EMS), which is adopted on a more operational level, lower down in 
the organization supporting the operation of energy management. Energy management should have the support of 
top management and adopting a long-term energy strategy is an important means of emphasizing this.  
In addition, energy management has been the subject of considerably increased attention as regards policy 
formulation. Standards for energy management have been set both in the EU and in North and South America. A 
number of previous studies have been conducted in the area of energy audits, energy optimization, energy modeling, 
and energy audit programs in relation to the adoption of energy efficiency technologies but there is lack of energy 
efficiency research on Post-Construction office building as a long-term energy strategy for building maintenance 
and operation. However, according to [17], energy efficiency measures are not always implemented due to various 
barriers to energy efficiency such as split incentives, principal-agent relationships, and information imperfections 
and asymmetries.  
The growing demand of building energy use has brought concerns about rising energy use to such a level that 
stern measures have been taken in many countries thought the introduction of building regulations concerning 
energy conservation. Energy efficiency in the building sector has been introduced through the building regulations 
as it is considered a key element of energy conservation. It has been estimated that energy efficiency technology has 
the potential to reduce carbon emissions by 60 per cent or more, which translates to a billion tonnes of carbon and 
conserve conventional energy in the process [18][13]. In lighting for instance, various energy-efficient lighting 
technologies have been used to save energy and cost in many types of building, and will be implemented for this 
research on office building. 
RESEARCH METHODOLOGY PROCESS 
 
This research is generated to seek and identify opportunities to better manage energy use including the process of 
understand when, where, and how energy is used in a current completed building. The process involves and focuses 
on technical and management techniques such as energy metering, tracing, harvesting, and auditing. Accordingly, a 
case study is appropriate to be selected as a strategic research approach in which involves an empirical investigation 
of a particular contemporary phenomenon within its real life context using multiple sources of evidence for the data 
collection process. The purpose of this energy audit is to evaluate the total energy consumption by the building and 
to identify potential energy saving measure that could be main criteria to develop a Better Practice Guide. This 
research will be guided by the following objectives; to identify Building Energy Indices (BEI); to identify present 
and historical energy usage pattern; and to suggest any energy saving measures. The following section will brief the 





Due to lack of relevant research in Malaysia, a proactive measure and approach that based on initial assessment 
that has been conducted through this research which may include gathering of information through interview and a 
case study which include observation, examination, and use of energy audit. Energy auditing is a process to identify 
energy consumption, energy apportioning, energy efficiency, energy waste and energy saving measures for 
buildings. Energy saving measures is proposal of potential energy saving that could be implemented after the data 
have been analyzed by taking into consideration the cost impact and return of investment.  
As highlighted earlier, this research will propose a Government building at Putrajaya (namely as M) as a case 
study. The building M in Putrajaya was completed in 2001. The estimated gross floor area of this 12 floors office 
complex is 129,132 m2 with air conditioned area of 96,012 m2. Electricity is the only source of energy for active 
system in the building. The air conditioning system is using chilled water from Gas District Cooling (GDC) plant. 
The building was designed in north-west orientation. Most of its window is facing the east and west. This orientation 
causes the building to absorb heat from the morning sun and in the afternoon. 
Moreover, building M is a full reinforced concrete structure building. It is a multiple storey building standing at 
the height of 70m from the ground. The building is covered almost 65% with glass which are equipped with shading 
devices and overhangs. There is also an open space on top of the building. Estimated figure of 75% of the windows 
are covered with blinds or curtains. The building is surrounded by plants and greenery at its parameter area with an 
aim to reduce the overall heating effect due to sunlight. There are landscape areas at level 2 outside the cafeteria and 
roof garden on top of the center block. The front and back facade of Building M is surrounded with matured trees 
that increase the shaded area around the building. The estimated ratio of the landscape area is 60:40. There are a 
total of 23 units of passenger lifts that are located exactly in the center core of each block. Staircases are located 
behind the lift area at each of the building. There are a total of 96 units of AHU with different number of units 
located at each floor. Mechanical Plant Room, HT Room and LV Room are located at the Basement Floor.  
Furthermore, the research will involve the process of building energy audit as well. The energy audit process 
could be simplified as FIGURE 1 on the next page. 
 






The onsite survey is to collect all the necessary information, to conduct metering and to identify the inefficient 
use of energy. The onsite survey will takes about three working days because of the size of the office building. The 
approach to an onsite survey includes walk through inspection that identify the location of the system in the layout 





One of the key tasks in energy auditing is the collection of all energy related data required to apportion the total 
facility energy consumption to various energy end-uses. It is to obtain accurate operating conditions and operating 
performance of equipment or systems, measuring instruments are used to take readings of corresponding parameters 
such as temperature, pressure, flow, lighting lux level, running current, etc. The energy audit measurement 
equipment in general is listed below: 
 
TABLE (1). The energy audit measurement equipment 
No. Equipment Parameter to be measured 
1.  Anemometer  Velocity of air in ducts , windows and other openings for estimating the 
amount of supply air  
2.  Hygrometer 
(humidity meter)  
Outside and inside air humidity  
3.  Thermometer  Outdoor and indoor dry air temperatures  
4.  Lux meter  Light intensity of lit areas  
5.  Clamp on amp meter  Amperes of various equipment and supply cables and feeders  
6.  Power logger  kW, kVar, PF and other relevant to building and main end-uses power 
supplies  





For the process of evaluating data, this research will use an analytical and logical reasoning to examine each 
component of the data provided. Data from various sources then will be gathered, reviewed, and then analyzed to 
form some sort of finding or conclusion.  
 
 
DISCUSSION AND CONCLUSION 
 
This research will suggest an application of Better Practice Guide concept in order to increase the effectiveness 
of energy management program for Post-Construction office building. Thru the concept (Better Practice Guide), it 
will provide a good energy management practice and share the knowledge to produce a good design process for 
maintenance value. The most obvious benefit of energy efficiency through a well plan energy management program 
is that it lowers running costs, amounting to relatively large savings over the life of the building. Improving energy 
efficiency can also lead to better buildings with greater comfort, a better working environment, more satisfied 
occupants and improved productivity as spin-off benefits. This research outcome shall be based on actual historical 
and field collected data. It must represent full description of the audited premise, the current energy consumption 
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